Corn grits are commonly used adjuncts in the brewing industry in the United States, especially for lager beers. The major challenge of using a high amount of adjuncts in the brewing process is reduced levels of nutrients available to yeast during fermentation, which negatively affects the growth and functioning of yeast, and results in sluggish fermentation. The problem is usually addressed by adding external nutrition. The objective of this work was to assess the suitability of corn components other than brewer's grits to improve the fermentation rates. Water obtained after soaking of corn germ, a vital source of lipids and soluble proteins, was investigated as a source of nutrient during brewing of 40:60 (w/w) corn grits and malt mixture. Performance of water-soluble nutrients from germ of two corn verities, yellow dent corn and flint corn, was investigated. Germ soak water was added during corn grits slurry formation before mashing. The addition of germ water increased the free amino nitrogen levels by 37% and Zn concentrations by 3.6 times in the wort, which resulted in up to a 28% higher fermentation rate (between 48 to 72 h of fermentation) and shortened the fermentation time from 120 to 96 h. The use of water obtained from the soaking of flint corn germ resulted in a similar shortening of fermentation time. In another approach, nutrient-rich concentrated germ soak water was directly added into the wort, which also resulted in similar improvements in the fermentation rate as those from adding germ soak water during slurry formation. Due to leaching of micronutrients and soluble proteins, the oil concentrations in the germ increased by more than 30%, enhancing its economic value.
Introduction
Beer is the oldest and the most popular alcoholic beverage in the world. Since ancient times, barley has been the most common raw material used for beer brewing. The use of barley provides advantages of easy germination, high starch content, moderate protein content, high amylolytic activity, and wort filtration assistance from husk [1, 2] . However, due to increasing demands of sensory modification and specialty beers, and cost optimization, brewing industries are increasing the use of locally available less expensive unmalted grains, known as adjunct grains, in the beer brewing process [3] [4] [5] . The use of locally available grains as adjuncts in the brewing process reduces the need for importing malt, provides tax benefits (avoidance of malt tax in some countries), reduces the carbon footprint, and supports local farmers [6] . Corn, wheat, rice, unmalted barley, oats, and sorghum are some of the major adjunct grains used. High amounts of adjuncts are used to produce specialty is the extraction of soluble nutrients from corn germ by soaking and the use of that water in the process. The water would contain only soluble proteins and micronutrients but not lipids. reported that the use of germ soak water (2 h soaking) in the dry grind process resulted in higher final ethanol concentrations (14.7% vs. 12.3% (v/v)) with a relatively small amount of residual glucose [14] . Juneja et al. (2018) reported that the use of water from germ soaked for a longer time (12 h instead of 2 h) can result in complete fermentation (no residual glucose) and achieve a fermentation profile similar to that obtained with the addition of excess B vitamins or protease enzymes [15] . Both of these studies only reported the fermentation improvements but did not determine the actual nutrition enhancement with the addition of germ soak water.
The objective of this study was to investigate the feasibility of using corn germ soak water to improve yeast nutrition and fermentation rates in the brewing process using 40% corn grits adjuncts. Performance of water-soluble nutrients from germ of two corn verities, yellow dent corn and flint corn, was investigated. In addition to a new process development, individual amino acids, total FAN levels, and other important nutrients (e.g., Zn concentrations) in the germ water and wort were determined to enhance the understanding of the potential benefits of implementing this approach.
Materials and Methods

Materials
Degermed yellow brewing grits and corn germ (from yellow dent corn) samples were obtained from a commercial corn dry milling plant (Bunge, Danville, IL, USA). Malt and flint corn samples were obtained from a commercial brewing company (Anheuser-Busch InBev, Brouwerijplein 1, 3000 Leuven, Belgium). Germ from the flint corn was separated using a 1 kg laboratory scale protocol outlined by Rausch et al. (2009) [16] . All materials were stored at 4 • C in refrigerator until use.
Active dry brewing yeast Saflager S-189 yeast, used for the fermentation in the current study, was obtained from the Fermentis-Lesaffre Yeast Corporation (Milwaukee, WI, USA). Novozymes (Bagsvaerd, Denmark) generously donated Termamyl 120 L, Type L, a thermostable bacterial α-amylase preparation.
Corn Grits and Germ Composition
Starch content in the ground corn grits was determined by the modified acid hydrolysis method [17] and was found to be 79.64%. About 1 g of ground corn grits were mixed with 50 mL of 0.4N HCl in 100-mL autoclavable glass bottles. After mixing, the slurry was autoclaved for 1 h at 126 • C in a laboratory scale autoclave (Napco Model 9000D, Thermo Fisher 157 Scientific, Waltham, MA, USA). Glucose recovery factors were determined using pure glucose and starch samples. After cooling, 1-mL aliquot samples were withdrawn and centrifuged at 1500× g for 5 min (Model 5415 D, Brinkmann-Eppendorf, Hamburg, Germany). The supernatants were analyzed in the HPLC for glucose concentration determination.
Germ (before and after soaking) samples were analyzed for oil (AOAC method 920.39) content by a commercial analytical laboratory (Illinois crop improvement association, Champaign, IL, USA) [18] . All analyses were conducted in duplicates.
Brewing Process
A simple schematic of the lab-scale process used for the beverage alcohol production is shown in Figure 1 . Corn grits and malt samples were ground in a hammer mill (model MHM4, Glen Mills, 126 Clifton, NJ, USA) equipped with a 1.0-mm sieve. The moisture contents of the ground samples were determined by drying flour at 135 • C for 2 h (Approved Method 44-19, AACC International 2000). Malt and corn grits were used in 60:40 ratios on a mass basis. Twenty grams (dry weight) of ground corn grits was mixed with a calculated amount of deionized water (for control) or germ soak water (for treatments) to form a slurry with 15% solids, and the pH of the slurry was adjusted to 5.8 (recommended optimum pH for the α-amylase). Germ soak water was obtained by soaking the germ in deionized water (1:10, germ:water on a weight basis) at 52 °C for 12 h, with continuous shaking at 125 rpm. After soaking, the liquid was vacuum-filtered through Whatman No. 4 filter paper and used to make corn slurry. The corn grits starch was liquefied by adding 10 µL of α-amylase and agitating the slurry at 85 °C for 120 min using an infrared heated reactor system equipped with mini-stainless steel tubular reactors that are locked onto a rotating carrousel (Labomat BFA-12, Werner Mathis AG, Switzerland). Simultaneously, 30 g (dry weight) of ground malt was mixed with a calculated amount of deionized water to form a mixture with 20% solids, and incubated at 45 °C for 30 min, with continuous shaking at 125 rpm. After incubation, malt slurry was mixed with the liquefied corn slurry (cooled to 45 °C), and 60 mL of preheated water (45 °C) was added in the mixture. The mixture was heated to 70 °C at the heating rate of 1 °C per minute, and incubated for 60 min in the mini-stainless steel tubular reactors using a Labomat incubator. The mash was cooled down to room temperature and filtered using Whatman No. 4 filter paper to separate liquid (wort) and solids (spent grains). The filtered wort was boiled on a heating plate for about 1 h and filtered again (using Whatman No. 4 filter paper) after cooling. Yeast inoculum was prepared by sprinkling dry yeast in ten times the amount of water and incubating at 23 °C for 20 min, followed by gentle stirring for 30 min. The yeast was inoculated in the wort at the dosage of 100 g/hL, as recommended by the supplier. The fermentation was performed at 15 °C for 144 h with continuous agitating at 125 rpm. About 2 mL of samples were withdrawn every 24 h to monitor the fermentation.
Sample Analysis and Ethanol Production Rate
Samples collected during the fermentation process were analyzed for sugars and ethanol concentrations using HPLC, equipped with an ion-exclusion column (Aminex HPX-87H, Bio-Rad, Hercules, CA, USA). The mobile phase used was 50 mM sulfuric acid, eluted at 50 °C and 0.6 mL/min. The amounts of sugars and ethanol were quantified using a refractive index detector and calibration based on pure sugars and ethanol standards.
Ethanol production rates (fermentation rates, %v/v-h) between different time points were calculated using the following equation. Malt and corn grits were used in 60:40 ratios on a mass basis. Twenty grams (dry weight) of ground corn grits was mixed with a calculated amount of deionized water (for control) or germ soak water (for treatments) to form a slurry with 15% solids, and the pH of the slurry was adjusted to 5.8 (recommended optimum pH for the α-amylase). Germ soak water was obtained by soaking the germ in deionized water (1:10, germ:water on a weight basis) at 52 • C for 12 h, with continuous shaking at 125 rpm. After soaking, the liquid was vacuum-filtered through Whatman No. 4 filter paper and used to make corn slurry. The corn grits starch was liquefied by adding 10 µL of α-amylase and agitating the slurry at 85 • C for 120 min using an infrared heated reactor system equipped with mini-stainless steel tubular reactors that are locked onto a rotating carrousel (Labomat BFA-12, Werner Mathis AG, Switzerland). Simultaneously, 30 g (dry weight) of ground malt was mixed with a calculated amount of deionized water to form a mixture with 20% solids, and incubated at 45 • C for 30 min, with continuous shaking at 125 rpm. After incubation, malt slurry was mixed with the liquefied corn slurry (cooled to 45 • C), and 60 mL of preheated water (45 • C) was added in the mixture. The mixture was heated to 70 • C at the heating rate of 1 • C per minute, and incubated for 60 min in the mini-stainless steel tubular reactors using a Labomat incubator. The mash was cooled down to room temperature and filtered using Whatman No. 4 filter paper to separate liquid (wort) and solids (spent grains). The filtered wort was boiled on a heating plate for about 1 h and filtered again (using Whatman No. 4 filter paper) after cooling. Yeast inoculum was prepared by sprinkling dry yeast in ten times the amount of water and incubating at 23 • C for 20 min, followed by gentle stirring for 30 min. The yeast was inoculated in the wort at the dosage of 100 g/hL, as recommended by the supplier. The fermentation was performed at 15 • C for 144 h with continuous agitating at 125 rpm. About 2 mL of samples were withdrawn every 24 h to monitor the fermentation.
Samples collected during the fermentation process were analyzed for sugars and ethanol concentrations using HPLC, equipped with an ion-exclusion column (Aminex HPX-87H, Bio-Rad, Hercules, CA, USA). The mobile phase used was 50 mM sulfuric acid, eluted at 50 • C and 0.6 mL/min. The amounts of sugars and ethanol were quantified using a refractive index detector and calibration based on pure sugars and ethanol standards. Ethanol production rates (fermentation rates, %v/v-h) between different time points were calculated using the following equation.
where E t2 and E t1 are ethanol concentrations (%v/v) at fermentation times t 2 and t 1 in hours.
Total Free Amino Nitrogen and Amino Acid Profile
Total free amino nitrogen (FAN) concentrations in various germ soak water samples were determined using the ninhydrin colorimetric method (Official Method 945.30L, AOAC 1980) [19] . Quantification of individual amino acids concentration in germ soak water and wort was conducted at the University of Missouri Agricultural Experiment Station Chemical Laboratories (ESCL) using the AOAC official methods (Method 982.30 E(a,b)) [20] .
Zinc Determination
Zn concentrations in the germ water samples were determined using ICP (Inductively Coupled Plasma) analysis, performed in the Microanalysis Laboratory, School of Chemical Sciences at the University of Illinois.
Results and Discussion
Effect of Germ Water Addition
The wort obtained from the processing of a mixture of malt and corn grits (60:40, weight basis) as described in Figure 1 , contained 1.1% glucose, 8% maltose, 1.5% maltotriose, and 0.25% fructose. The sugar concentrations were similar in wort obtained from control samples (no germ water addition) and wort from germ water supplemented mash. The sugar profile and concentrations from the current process match closely with the values reported by Stewart et al. (2013) for 30% corn adjunct wort [10] . Figure 2 illustrates the comparison of ethanol concentration during fermentation, for control and germ water addition. Use of germ soak water improved the fermentation profile significantly compared to that of the control. Yeast preferred glucose over maltose during fermentation, and almost all of the glucose was consumed in the first 48 h for both cases (Figure 3 ). Fermentation profiles of control and germ soak water samples were almost similar in the first 48 h (until the presence of glucose). However, maltose to ethanol conversion rates were higher for samples with the addition of germ soak water. Almost all of the maltose was converted to ethanol in 96 h for the germ soak water samples, compared to 1.47% (w/v) residual maltose for the control. The ethanol concentration of 6.32% (v/v) was 18.5% higher compared to the control (5.33% (v/v)) after 96 h of fermentation. Ethanol production rates for the germ water treatment were 16% and 28% higher than that of control between 24-48 and 48-72 h of fermentation, respectively. Due to low sugar availability, fermentation rate drops after 72 h and it was lower for the germ water treatment compared to the control after 96 h of fermentation. The higher fermentation rate could be attributed to the improved functioning of the yeast due to the availability of free amino acids and other nutrients present in germ soak water.
Total FAN concentrations found in the water obtained from germ soaked in various amounts of water (germ:water weight ratios of 1:10, 1:5, 1:2.5) are presented in Table 1 . As discussed earlier, the brewing industry uses FAN concentration as an indicator of available assimilable nitrogen. Free amino nitrogen is essential for the synthesis of structural proteins and enzymatic proteins required for yeast growth and metabolic reactions [5] . Adequate levels of FAN are critical for the yeast to perform efficient fermentation [8, 21] . FAN is considered an index for predicting yeast viability, vitality, and fermentation efficiency [10] . Water obtained from 1:10 germ:water (weight basis) ratio, used in this experiment, contained 127 ppm of FAN. The use of this water to make corn mash resulted in total FAN of 170 ppm (11.5 mg/L/Plato) in the wort, compared to 125 ppm (8.4 mg/L/Plato) in wort from the control. Heldt-Hansen et al. (2011) recommended a FAN concentration of 9-14 mg/L/Plato and 10-18 mg/L/Plato in unmalted barley (adjuncts) wort and all-malt worts, respectively, to achieve comparable fermentation performance [5] . The FAN level in the wort with the use of germ soak water is within the recommended range. The FAN concentrations in the germ water increased with a decrease in water used while soaking. As the amount of soaking water was reduced to half (1:5 germ:water ratio), the FAN concentrations almost doubled. Similarly, for a 1:2.5 germ:water ratio, the FAN concentration was more than 4 times that of water compared to the treatment with 1:10 germ:water soaking ( Table 1 ). The effect of shaking during the germ soaking on FAN concentrations was also investigated. No significant difference in FAN concentrations in the water obtained from germ soaked with or without shaking was observed. Total FAN concentrations found in the water obtained from germ soaked in various amounts of water (germ:water weight ratios of 1:10, 1:5, 1:2.5) are presented in Table 1 . As discussed earlier, the brewing industry uses FAN concentration as an indicator of available assimilable nitrogen. Free Total FAN concentrations found in the water obtained from germ soaked in various amounts of water (germ:water weight ratios of 1:10, 1:5, 1:2.5) are presented in Table 1 . As discussed earlier, the brewing industry uses FAN concentration as an indicator of available assimilable nitrogen. Free amino nitrogen is essential for the synthesis of structural proteins and enzymatic proteins required for yeast growth and metabolic reactions [5] . Adequate levels of FAN are critical for the yeast to Other than reducing overall free nitrogen levels, the use of adjuncts is believed to alter the proportion of the various amino acids in the wort, which is also important for yeast functioning [5] . Figure 4a illustrates the concentration of amino acids in the germ water. Correspondingly, the amino acid concentrations for wort from control and germ water supplemented samples are provided in Figure 4b . Total amino acid concentrations in germ water, wort from control, and wort from germ water supplemented samples were found to be 100 ppm, 115 ppm, and 146 ppm, respectively. The concentrations of lysine and leucine, amino acids categorized in Group A (fast absorption) and Group B (intermediate absorption), were double for wort in germ water supplemented samples compared to wort from control samples. Other than these, the amounts of phenylalanine and hydroxylysine were also double in wort from germ water supplemented samples.
Beverages Other than reducing overall free nitrogen levels, the use of adjuncts is believed to alter the proportion of the various amino acids in the wort, which is also important for yeast functioning [5] . Figure 4a illustrates the concentration of amino acids in the germ water. Correspondingly, the amino acid concentrations for wort from control and germ water supplemented samples are provided in Figure 4b . Total amino acid concentrations in germ water, wort from control, and wort from germ water supplemented samples were found to be 100 ppm, 115 ppm, and 146 ppm, respectively. The concentrations of lysine and leucine, amino acids categorized in Group A (fast absorption) and Group B (intermediate absorption), were double for wort in germ water supplemented samples compared to wort from control samples. Other than these, the amounts of phenylalanine and hydroxylysine were also double in wort from germ water supplemented samples. Other than FAN, some trace metals-such as Zn, which is considered to be an important trace metal that plays an essential structural and functional role in yeast cells-act as a modulator of environmental stress and are important for the fermentation process [22, 23] . Although Zn concentrations are at a sub-ppm level in the wort, even these small amounts are critical for efficient fermentation of wort [24] . Zinc concentrations below 0.1 ppm can lead to fermentation problems, especially decreased specific rate of fermentation [24, 25] . The germ water used in this experiment (from 1:10 germ:water ratio) contained 1.49 ppm of Zn. The use of this water in the brewing process resulted in a Zn concentration of 0.33 ppm in the wort, compared to 0.09 ppm in wort from the control. The adequate levels of Zn in the wort from the germ water supplemented process can be another factor for the observed increased fermentation rates.
Effect of Germ Water Addition from Flint Corn Germ
For real application of this approach (using water-soluble nutrients from corn germ) in the brewing industry, it is critical to ensure the availability of the nutrient source. As the types of corn used vary among industries, it was important to investigate the performance of germ obtained from various corn types. The effect of water obtained from the soaking of germ from the fractionation of flint corn was also investigated on the fermentation performance of lager yeast. Germ was separated from the flint corn milled employing a slightly adapted laboratory-scale (1 kg) dry-milling procedure, outlined by Rausch et al. (2009) . About 40 to 50 g of germ was obtained from the milling of 1 kg of corn. Germ water collection and fermentation procedures were similar to that performed with the yellow dent corn germ. Sugar consumption and ethanol production profiles during the fermentation are presented in Figure 5 . Similar to the case of yellow dent corn germ, the use of water from the soaking of flint corn germ improved the fermentation of maltose significantly compared to that of the control. The fermentation profiles of the control and germ soak water samples were almost similar in the first 48 h, until all of the glucose was consumed. The ethanol production rate for the germ water treatment was 16% and 42% higher than the control between 24-48 and 48-72 h of fermentation, respectively. Almost all of the maltose and maltotriose were consumed in 96 h of fermentation in the case of germ soak water treatment contrary to 1.31% and 0.38% (w/v) residual maltose and maltotriose, in the case of control. Due to low sugar availability, the fermentation rate dropped and was lower than the control after 72 h and it was almost zero after 96 h of fermentation. Although all the maltose was consumed in 96 h in both cases, the increase in fermentation rate between 48-72 h in the current case was compared to that observed with the addition of water obtained from yellow dent corn germ (42% vs. 28% increase). This could be due to the availability of relatively higher free nitrogen. Water obtained from the soaking of flint corn germ at 1:10 germ:water (weight basis) ratio contained 195 ppm of FAN, which was significantly higher than the water from dent corn germ (127 ppm). The total FAN concentration in wort with the use of flint corn germ was 193 ppm (13.1 mg/L/Plato), compared to 128 ppm (8.7 mg/L/Plato) in the control of this experiment, and 170 ppm (11.5 mg/L/Plato) in wort from the addition of yellow dent corn germ. The relatively higher amount of FAN in the water from flint corn germ compared to dent corn germ could be due to genetic differences between two corn verities and different quality germ obtained from laboratory scale milling (for flint corn) and commercial milling (for dent corn). The high quality of the flint corn germ was also indicated by higher oil (28.8 vs. 21.6%, dry basis) and protein (17.3% vs. 15.5%, dry basis) contents in the flint corn germ compared to the yellow dent corn germ. 
Use of Concentrated Germ Water in Wort
In the previous experiments, germ water was added during the slurry formation before mashing (Figure 1) . To explore the possibility of using these water-soluble nutrients without making many changes in the currently used brewing process, another approach of adding germ water directly in the wort was also investigated. However, the addition of germ water in wort would result in dilution. To provide the same amount of nutrients (as in previous experiments), the addition of germ water (1:10 germ to water ratio soaking) would result in about 40% dilution. This problem was addressed by using germ soak water containing a higher concentration of nutrients. The total FAN in the water obtained from 1:2.5 germ to water ratio (referred as 4X water in the manuscript) was a little more than 4 times the FAN concentration in water from 1:10 germ to water ratio (referred as 1X water in the manuscript) during soaking (Table 1 ). Due to the high amount of FAN, a relatively small amount of this water would be required to be added to the wort, which would reduce the dilution (only 10%). Further concentration (using less than 2.5 times water) was not possible due to insufficient water available to soak all of the germ. Germ (from yellow dent corn) was soaked in water (1:2.5 germ to water ratio, mass basis) and incubated at 52 °C for 12 h with continuous shaking at 125 rpm. In this experiment, 27 mL of this water was mixed in 265 mL wort, before the boiling step. The rest of the steps were similar to the previous process, as explained in Figure 1 . In addition to the current treatment (adding 4X water in wort) and control (no germ water), another treatment (1X water) following the original process (adding germ water from 1:10 germ to water ratio to make corn mash) was also conducted for comparison purposes. To keep the wort concentrations similar in all three cases, 27 mL of deionized water was added in the wort before boiling for control and 1X water. All treatments were conducted in replication. Figure 6 illustrates the ethanol production rate comparison for three cases: (i) control, (ii) use of germ soak water to make corn mash (1X water), (iii) use of concentrated (4X) germ soak water in the wort. The addition of concentrated germ soak water in wort increased the fermentation rate compared to the control. Both treatments (the addition of 4X water in wort or making corn slurry with germ water) were equally efficient in increasing the fermentation speed. The ethanol concentration was almost the same for both treatments at all the time points. Less than 0.1% (w/v) maltose was observed after 96 h of fermentation, compared to 0.73% (w/v) for the control, for which the maltose concentration was found to be 0.1% after 120 h of fermentation. The fermentation rate was 30% higher than the control between 48 and 72 h of fermentation. These results indicate that germ water can be concentrated and added to the wort to fasten the fermentation. 
In the previous experiments, germ water was added during the slurry formation before mashing (Figure 1) . To explore the possibility of using these water-soluble nutrients without making many changes in the currently used brewing process, another approach of adding germ water directly in the wort was also investigated. However, the addition of germ water in wort would result in dilution. To provide the same amount of nutrients (as in previous experiments), the addition of germ water (1:10 germ to water ratio soaking) would result in about 40% dilution. This problem was addressed by using germ soak water containing a higher concentration of nutrients. The total FAN in the water obtained from 1:2.5 germ to water ratio (referred as 4X water in the manuscript) was a little more than 4 times the FAN concentration in water from 1:10 germ to water ratio (referred as 1X water in the manuscript) during soaking (Table 1 ). Due to the high amount of FAN, a relatively small amount of this water would be required to be added to the wort, which would reduce the dilution (only 10%). Further concentration (using less than 2.5 times water) was not possible due to insufficient water available to soak all of the germ. Germ (from yellow dent corn) was soaked in water (1:2.5 germ to water ratio, mass basis) and incubated at 52 • C for 12 h with continuous shaking at 125 rpm. In this experiment, 27 mL of this water was mixed in 265 mL wort, before the boiling step. The rest of the steps were similar to the previous process, as explained in Figure 1 . In addition to the current treatment (adding 4X water in wort) and control (no germ water), another treatment (1X water) following the original process (adding germ water from 1:10 germ to water ratio to make corn mash) was also conducted for comparison purposes. To keep the wort concentrations similar in all three cases, 27 mL of deionized water was added in the wort before boiling for control and 1X water. All treatments were conducted in replication. Figure 6 illustrates the ethanol production rate comparison for three cases: (i) control, (ii) use of germ soak water to make corn mash (1X water), (iii) use of concentrated (4X) germ soak water in the wort. The addition of concentrated germ soak water in wort increased the fermentation rate compared to the control. Both treatments (the addition of 4X water in wort or making corn slurry with germ water) were equally efficient in increasing the fermentation speed. The ethanol concentration was almost the same for both treatments at all the time points. Less than 0.1% (w/v) maltose was observed after 96 h of fermentation, compared to 0.73% (w/v) for the control, for which the maltose concentration was found to be 0.1% after 120 h of fermentation. The fermentation rate was 30% higher than the control between 48 and 72 h of fermentation. These results indicate that germ water can be concentrated and added to the wort to fasten the fermentation. 
Change in Composition of Germ
Corn germ is valuable for its oil content, which directly decides its market value [26] . The extraction of soluble protein and other micronutrients during soaking would increase the oil content in germ and improve its economic value. The oil content of soaked dent corn germ increased by 33% (21.6% to 28.7%, dry basis) compared to raw germ. The increase in oil content of flint corn germ was found to be 29%. Due to increased oil content, the germ would have a higher market price, which could compensate the cost required for soaking and filtration to make germ soak water. The protein content in soaked dent corn germ (14.7%) was 5% less compared to raw germ (15.5%). This reduction in protein content further indicates that soluble proteins were extracted during germ soaking, which enhanced the yeast functioning and fermentation speed.
Conclusions
Due to low protein content, the use of high amounts of corn grits as adjuncts causes nutrient deficiency to yeast during fermentation and leads to sluggish fermentation. This work developed economical process strategies to improve the fermentation rate by providing these nutrients from cereal-based origin. Water obtained from the soaking of corn germ was used as a nutrient source to improve yeast performance during the brewing process using 40% corn grits as adjuncts. The addition of germ water improved the FAN levels in the wort, which enhanced yeast functioning and shortened the fermentation time from 120 to 96 h. The water obtained from flint corn germ had higher amounts of FAN compared to dent corn germ, however, the total maltose consumption time was 96 h in both cases. The study also demonstrated that the nutrients can be concentrated up to 4 times by proportionally decreasing the degree of dilution during the soaking process, and the concentrated water can be added directly to the wort to improve fermentation speed. Soaking of germ increased oil content by 33% in the germ, improving its market value. 
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